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Abstract 
Engineering education in higher institutions as a whole continues to face many challenges despite the implementation of many 
teaching and learning approaches. The engineering profession requires both ‘hands-on’ experience and conceptual knowledge 
and therefore, experiential learning can be suitably used as a foundation for teaching and learning of engineering (Lynch and 
Russell 2009). Engineering study programmes involving certain skills and attributes that are not generally achieved in traditional 
delivery methods have been proven to be successfully implemented through experiential learning activities (Harrisberger 1976). 
This study is conducted to explore whether creativity and innovative thinking can be nurtured through experiential learning 
environment at university level. Creative approaches to solving problems lead to innovation in technology which is essential to 
fuel the economy (Roberts 2010). The study investigated how construct-based creativity models reflect creative behaviour 
through an experiential-based learning environment. The construct-based model used is by Torrance and Safter (Torrance and 
Safter 1999) by measuring students against a list of creativity attributes. The framework of the research involves five components 
namely field observations, focus group interviews, student questionnaires, creativity test and student portfolio assessments. 
Participants were students and instructors from the Faculty of Engineering and Built Environment and the Faculty of Information 
Science and Technology who participated in the Malaysian ROBOCON 2010. The ROBOCON 2010 is an annual international 
robot contest for undergraduate students of higher institutions. Initial findings suggest that students’ creativity dimensions have 
been nurtured and enhanced as a result of the problem solving process involved in the experiential learning activities. The 
findings of this preliminary work will be used in future for more detailed study on nurturing creativity and innovation among 
students. This will be in line with the generic skill requirements among students of higher education institution in Malaysia. 
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1.1. Transforming engineering education 
During the World War II, technological developments such as jet engines, radar, and atomic energy emerged. 
Most of the work involved scientists rather than engineers. It is then realised that the conventional engineering 
education at that time had not prepared engineers for real life challenges. As a result of this, the Report on 
Evaluation of engineering Education or widely known as the ’Grinter Report’ was published in 1955 (National 
Research Council Panel on Engineering Graduate 1985). The report recommended that engineering education has to 
change to provide graduates with the skills, knowledge, and capability to lead technological revolution. Many other 
reports were published after the Grinter Report to recommend improvements to engineering education. Although 
initially the process involved education in the United States, countries all over the world followed suit. 
Engineering education has became a career-oriented education. Major changes in engineering education has been 
done due to concerns that the educational experience has not provided appropriate background for career 
opportunities available to engineering graduates (Ernst 1996). Engineering workplace requires also non-technical 
abilities such as leadership capabilities, communication skills, teamwork and lifelong learning skills. Engineering 
graduates with both technical and non-technical abilities will be preferred by employers. Engineers have to be able 
to look at the bigger picture of engineering involving systems perspectives, entrepreneural perspectives and global 
perspectives.   
1.2. Experiential learning in engineering education 
New approaches to engineering education need to be explored. Many institutions of higher education started to 
look into applying experiential learning in engineering education to integrate the non-technical aspects. Experiential 
learning can be described as ’the process whereby knowledge is created through the transformation of experience. 
Knowledge results from the combination of grasping and transforming experience’ (Kolb 1984). In other words, 
experiential learning is learning by doing. Experiential learning is a learning opportunity for both lecturers and 
students (Potter 2009).  
The University of Michigan College of Engineering, for example, proposed a Multidiciplinary Design (MD) 
program which integrates multidiciplinary groups of students working on real-world projects (Conger et. al. 2010). 
The program also combines entrepreneurship and international experiences. The engineering degree program is 
structured to be open-ended and has experiential activities. 
Other experiential learning in engineering education examples include the implementation of electromagnetics-
based final year capstone design project (Schroeder et. al 2009), hands-on control engineering laboratory sessions 
(Abdulwahed and Nagy. 2009), and project-based community service-learning (McCormick 2008). All of these 
programs have common properly designed program integrating experiential activities in engineering teaching to 
enhance student learning. 
1.3. Nurturing creativity and innovation through experiential learning 
Creativity in engineering was developed in the 1950’s (Ferguson 1992). In many engineering schools, techniques 
to encourage creativity were implemented to create inventions. Engineers work with psychologists to work out 
suitable programs to incorporate creativity in engineering teaching. 
If students were given the exposure such as through experiential activities, creativity and innovation skills can be 
developed (Charyton and Merrill 2009). Once the creativity skills have been developed, students will continues to 
demonstrate these skills compared to those who have not been exposed to such training. Therefore, creativity can be 
developed through supportive learning environment. 
Consequently, engineering education provide the opportunity for students to practice creativity design skills. 
Once this is in place, some tools of assessment must be developed to measure the creativity traits in engineering 
design, which is a necessary skills for innovation. By a proper designed assessment methods, lecturers can help to 
develop students to be future innovative engineers.  
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2. Methodology 
The sample used in this study involves undergraduate students from the Department of Electrical, Electronics and
System Engineering, Faculty of Engineering and Built Environment and Faculty of Information Science and
Technology, UKM who took part in the Malaysian ROBOCON 2010. ROBOCON is an annual robotic contest
targeted for undergraduate students of higher education instititutions in the Asia-Pacific region. Participants will
create robots by using their creativity and technical abilities, and compete with each other in a competition held by
their own country.   
All twenty five students from the second and third year of their study who took part in ROBOCON 2010 were
selected as study participants. Students were both males and females regardless of their academic performance and
ethnic origins. Participants were randomly grouped into three groups and coded. This is to ensure anonimity. 
Data collection for this study is based on five distinct approaches and is analysed qualitatively. The data from all
five approaches provides triangulation data. In social science the process of mixing data or methods for diverse
viewpoints on a topic is called triangulation (Olsen 2004). Data triangulation provides validation against the findings
of the research.   
The first approach involved observing the students’ interaction among themselves and the instructors during the
competition period. The second approach involved assessing student portfolio. It is presented to their instructors as
written technical reports of their robot design. The third approach consist of gathering feedback from students
through questionnaires regarding their overall experience. The fourth approach involving data collection during
focus group interviews with selective students and transcribing their statements. The final approach involved
assessing students creativity using a standard creativity test by Torrance. The framework for research data collection
is shown in Figure 1. 
Figure 1 Assessment methods for Experiential Learning nurturing process 
Data reduction and display were performed by evaluating the existence of seventeen creativity traits based on the
Torrance and Safter construct-based model (Torrance and Safter 1999). Table 1 includes a list of all creativity
dimensions that will be referred in this study together with the definition. Therefore, the task of identifying the traits
through the five approaches will be easier.  
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Table 1.  Seventeen creativity dimensions referred to in this study 
 
 Torrance creativity traits  
i Problem awareness Recognition of a problem and a commitment to deal 
with it 
ii Ability to produce and consider many 
alternatives 
Production of various alternatives to solve the problem 
iii Ability to elaborate Elaboration on the chosen alternatives to solve the 
problem, and development of implementation strategies 
iv Flexibility The production of ideas form perspectives that are 
different from the ones normally associated with a 
problem 
v Originality Production of original thought or ideas that are new to 
others 
vi Ability to highlight the essence Not losing sight of what is important 
vii Openness Taking time to listen to others while not making any 
judgments 
 
viii Being aware of emotions Awareness of emotions while making suggestions 
ix Ability to put ideas into context Ability to view the bigger picture of a problem 
x Combination and Synthesis Demonstration of all aspects of idea generation, 
combination and synthesizing of the problem 
xi Ability to visualize richly and 
colorfully 
Demonstration of positive thinking and existing 
emotions 
xii Ability to enjoy work and use 
fantasy 
Demonstration of fantasy techniques in problem 
solutions 
xiii Kinesthetic responsiveness Demonstration of movements and action in problem 
solutions 
xiv Ability to look at things in 
different visual perspectives 
Ability to see problems in different ways 
xv Internal visualization Presentation of elements that go beyond the exteriors 
and pay more attention to the internals of e.g. people, 
machine and animals 
xvi Ability to break through the 
boundaries 
Demonstrate some special abilities to solve a problem 
xvii Ability to use humor Production of humorous remarks, stories and jokes  
2.1. Part 1: Observations during the Competition 
The data collection process for this stage was based on the researcher’s written observations during the 
competition period of 6 days and discussions with the instructors after the competition. The observations are based 
on several factors. These included: (1) students interactions with team members, group leaders and instructors, (2) 
students confidence level in generating ideas, (3) students risk taking in voicing opinions, (4) frequency of asking 
for assistance from the group leader or instructor, (5) the way students shared information among themselves, and 
(6) the students discussions to reach an agreement on any decision.  
The researched then seek a list of traits that were emerging during these observations.   
2.2. Part 2: Student portfolio assessment 
Student portfolios were collected and labeled according to the participant code. The data analysis of the 
portfolios was based on indications of the use of any construct-based creativity traits while describing the robot 
design.  
2.3. Part 3: Student questionnaire 
A questionnaire was distributed to all the students and labelled according to the respective respondent codes. The 
questionnaire were divided into two parts. The first part (Part A) is to get students opinion on the whole ROBOCON 
experience and experiential learning. The second part (Part B) involved obtaining student responses which included 
statements and descriptions that allowed the researcher to extract which creativity constructs emerged. Responses to 
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the questions were assigned specific codes. Percentage of responses which match certain creativity constructs were
calculated. Table 2 describes the Part B question - creativity construct matching. 
Table 2 Part B question – creativity construct matching 
Question number Creativity construct measured 
1-7 Ability to consider alternatives/ Elaborate/ Ability to put ideas into context/ 
Combination and synthesis 
8 Extend boundaries 
9-12 Ability to consider alternatives/ Elaborate/ Ability to put ideas into context/ 
Combination and synthesis 
13-17 Openness 
18-21 Reflection 
2.4. Part 4: Focus group interview 
Seven students from the questionnaire respondents were invited to participate in a focus group interview. A focus
group interview is an interview style designed for small groups.  The researcher acted as a moderator, and interviews
were transcribed after they have been audio-recorded. During this process, the researcher explained the objectives of
the interview, and how the focus group could contribute to the data collection. A script of questions was used to
initiate discussion.   
Data analysis is conducted by identifying certain creativity constructs emerging from the conversation and
description of their activities and experiences. 
2.5. Part 5: Creativity test 
Torrance Test of Creative Thinking (TTCT) was administered to all respondents to indentify the creativity traits
present. The assessment of creativity traits are based on the assessment guide for the test. 
3. Analysis and Findings 
All data were interpreted based on Torrance construct-based creativity models for creative behavior. Results of
the study were clustered into five sections depending on the approaches described in the methodology.  As this study
is still ongoing, the results have only been obtained from three approaches and are discussed here. Conclusions will
be made based on the findings gathered.   
3.1. Part 1: Observations during the Competition 
By conducting observation sessions, a few aspects can be determined. The researcher managed to get a feel of
how students generally interacted among themselves, how the students approached the given problem, and how they
solved the challenge in their groups. The researcher has compared notes from her own observations to the
experience of the instructors on solving the robotic design challenge with the students. During this data collection,
four main criteria were particularly observed: 
• Students awareness of the robotic challenge presented 
• Students interaction between them, and with the instructors 
• The way students generate ideas on solving the problems 
• The way students co-operate with each other 
All activities involved throughout the robotic challenge created opportunities that allowed the researcher to
observe students behavior, while sharing information and experience with the instructors. The instructors acted more
like facilitators as they had more experience academically and some have worked on similar robotic projects before.
Four constructs emerged during all these activities are: 
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• Problem awareness 
This construct is utilized while students and instructors were brainstorming and discussing about the 
challenge posed, and how they can work together to solve the problem. 
• Openness 
  Students are open to critics and input from others while discussing the design among them. 
• Humor 
  This trait is observed while students were having discussions, and while building the robots. 
• Flexibility 
This trait is observed while students were giving variety of ideas in solving the robotic challenge. 
3.2. Part 2: Student portfolio assessment 
Assessment of the student portfolio found seven creativity traits. All portfolios contain a full description of the 
students design and some description of their feelings of the whole ROBOCON experience.  Each report included an 
introduction with a thorough description of the robotic challenge requirements. This section demonstrated that the 
students truly understood and recognized the problems posed. This concept is defined as problem awareness in this 
study.  
All reports also included sections on the various criteria and design alternatives to solving the problem. Students 
also provided justifications and elaborated on their design including pictorial descriptions. Throughout the process 
of solving the problem, students managed to keep in sight of the big picture and not losing the sight of what is 
important in their design. Finally, the students produced workable designs to be implemented. The creativity traits 
involved here are ability to produce and consider many alternatives, ability to elaborate, ability to highlight the 
essence, ability to put ideas into context and combination and synthesis. 
In their reports, students concluded that their experience has exposed them to many things not obtained in 
lectures alone. Also, the experience has strengthened the relationship between the students, giving them the 
opportunity to work together towards a common goal. Students demonstrated positive thinking although the teams 
did not gain any prize.  The creativity trait involved here is the ability to visualize richly and colorfully. 
3.3. Part 3: Student questionnaire 
Results of the questionnaire were used to identify creativity traits that students utilized. The questions have been 
set to allow students to express their feelings while being exposed to experiential learning environment.  
Part A of the questionnaire relates to the whole experience and students perception on their creativity. More than 
half of the students indicated that their creativity has improved as a result of taking part in ROBOCON. All students 
agreed that the experience has developed them to be innovative individuals with high levels of creative thinking and 
innovative skills. 61% of the students indicated that they have been exposed to some of the skills used during 
ROBOCON during the lectures and laboratory sessions.   
All students agreed that experiential learning is beneficial in helping them to develop creative thinking and 
innovative skills. They also suggested that experiential learning should be incorporated in the engineering degree 
curriculum. More than 20% of students suggested the experiential learning concept should be included especially in 
theoretical, laboratory based and design courses.   
Part B of the questionnaire involved questions which specifically measures whether students possess certain 
creativity traits. Responses to questions 1 and 2 indicated that students prefer to think independently about the 
problem before discussing it with other members. Responses to questions 3 to 7 indicated that students organized 
their thoughts using creative thinking tools such as mind mapping and brainstorming. Students then exchanged ideas 
with their teammates before drawing conclusions about their designs. Responses to questions 9 to 12 indicated that 
students were confident on selecting the final alternative for their robot design (more than 77%). Students were also 
confident in selecting several alternatives for their design. These responses indicated that the students posses the 
ability to produce and consider many alternatives, ability to elaborate, ability to put ideas into context and 
combination and synthesis. 
In response to question 8, 66.7% of students indicated the use of online educational tools in their studies. This 
indicated the ability to extend boundaries. 
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Responses to questions 13 to 17 indicated that more than half of the students felt very comfortable working with
teammates and they became more comfortable working with others as a result of their ROBOCON experience.
66.7% of students were confident to discuss problems with their lecturers or professors. Most students, 99.4%, felt
they are more productive working in groups. The responses indicated openness.   
In response to questions 18 to 21, more than half of the students identified themselves as having average oral
communications skills prior to taking part in ROBOCON, and indicated that this has been improved after
ROBOCON. Students also indicated that their written communication skills have also been improved. Students
demonstrated that they are able to reflect on their experience and possess positive thinking. This trait is the ability to
visualize richly and colorfully. 
4. Conclusions and Implications 
This study used students that are taking part in a certain design challenge to analyze how creativity was enhanced
as a result of exposing students to an experiential learning environment.   
From the observations during the competition, four traits were observed. The assessment of the portfolios
indicated seven creativity traits. And the third approach, which is the student questionnaire, indicated seven
creativity traits. Overall, 11 creativity traits were observed which are problem awareness, ability to produce and
consider many alternatives, ability to elaborate, flexibility, ability to highlight the essence, openness, ability to put
ideas into context, combination and synthesis, ability to visualize richly and colorfully, ability to break boundaries
and ability to use humor.   Table 3 summarises the results of this study so far. 
Table 3. Summary of the results from the preliminary study showing the emerging creativity traits from three approaches that has been applied 
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 Field Observations Portfolio Assessment Student Questionnaire 
1 Problem awareness  
2 Openness  Openness 
3 Humor   
4 Flexibility   
5  Ability to highlight the essence  
6   Ability to extend boundaries 
7  Ability to produce and consider alternatives 
8  Ability to elaborate 
9  Ability to put ideas into context 
10  Combination and Synthesis 
11  Ability to visualize richly and colorfully 
 
Although so far only three approaches have been completed, the results of this preliminary study give positive
indications on the emerging creativity traits as a result of student participation in experiential learning activities.
Eleven out of seventeen creativity traits were used. 
This preliminary result shows that student creativity dimensions have been nurtured and enhanced as a result of
the problem solving process involved in the experiential learning activities. Creative approaches to solving problems
will in turn result in innovative solutions. 
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